Introduction
Edible flowers have been used in culinary preparations to improve the sensorial and nutritional qualities of food, by adding colour, flavour, taste and visual appeal to culinary preparations. They are used in sauces, jellies, syrups, liquors, vinegars, honey, oils, candied flowers, ice cubes, salads, teas and other beverages, and different desserts.
Furthermore, edible flowers are important for human health due to their richness in bioactive and nutraceutical compounds, which offers additional marketing opportunities (Creasy, 1999; Mlcek & Rop, 2011; Anderson, Schnelle, & Bastin, 2012) .
Nevertheless, edible flowers are highly perishable and must be free of insects, which is difficult because those flowers are usually cultivated without using any pesticide. Their high perishability requires the storage in small plastic packages under refrigerated environments, which poses an additional cost in the commercial chain (Kelley, Cameron, Biernbaum, & Poff, 2003; Newman & O'Conner, 2009 ).
Several methods are used by the food industry to increase the shelf life of food products, but also to ensure their quality and safety, which is important to guarantee the public health (Farkas & Mohácsi-Farkas, 2011) . Food irradiation is an economically viable technology to extent shelf life of perishable commodities, improving their hygiene and quality, but also allowing disinfestation of insects (Fan, Niemira, & Sokorai, 2003) . Radiation processing (the use of ionizing radiations from isotopes of cobalt or from electron-accelerators) has been used in several countries, and its efficiency and safety has been approved by authorities, namely the FDA, USDA, WHO, FAO, as also by scientific societies based on extensive research (Morehouse, 2002; Farkas, 2006; Komolprasert, 2007) .
Viola tricolor L. (heartseases), from
Violaceae family, represents one of the most popular sources of edible flowers. Disseminated through Europe and Asia, the flowers are small and delicate, with blue, yellow, purple, pink or white colour, and sometimes, combined colours in the same flower (Mlcek & Rop, 2011; Jauron, Beiwel, & Naeve, 2013) . V. tricolor has a refreshing taste and velvety texture which allows its use in sweets, salads, soups, vinegars, drinks, as also in the extraction of blue and yellow food colourings (Creasy, 1999; Newman & O'Conner, 2009 ). The heartseases flowers, apart from being used as food, have also been used as medicinal agents for thousands of years. Their biological activities (Hellinger et al., 2014) , mainly antioxidant properties, are attributed to the presence of flavonoid compounds (Vukics, Kery, Bonn, & Guttman, 2008a; Vukics, Ringer, Kery, Bonn, & Guttman, 2008b; Piana et al., 2013) , with violanthin reported as the major compound (Vukics et al. 2008a ).
The purpose of this study was to characterize the phenolic profile and the antioxidant activity of V. tricolor flowers from Brazilian origin, and to evaluate the effects of different electron-beam and gamma irradiation doses on these two bioactive indicators (i.e., phenolic compounds and antioxidant activity).
Materials and methods

Samples
Fresh flowers of Viola tricolor were purchased from a local market in São Paulo, Brazil, in November 2013. Heartsease petals with different phenotypes (yellow, orange, purple, white and multi-colored) were pooled together before laboratorial analyses.
Samples irradiation
Gamma irradiation
The samples were irradiated at the Nuclear and Energy Research Institute -IPEN/CNEN (São Paulo, Brazil), using a 60 Co source Gammacell 200 (Nordion Ltd., Ottawa, ON, Canada), at room temperature, with a dose rate of 1.230 kGy/h, at doses of 0.5, 0.8 and 1 kGy. Harwell Amber 3042 dosimeters were used to measure the radiation dose. Non-irradiated samples were used as control. After irradiation, the samples were lyophilized (Solab SL404, São Paulo, Brazil), powdered and stored inside polyethylene bags kept in a desiccator at room temperature for subsequent use. isocratic 50% B for 10 min, and re-equilibration of the column, using a flow rate of 0.5 mL/min. Double online detection was carried out in the DAD using 280 nm and 370 nm as preferred wavelengths and in a mass spectrometer (MS) connected to the HPLC system via the DAD cell outlet.
Electron-beam irradiation
MS detection was performed in an API 3200 Qtrap (Applied Biosystems, Darmstadt, Germany) equipped with an ESI source and a triple quadrupole-ion trap mass analyzer that was controlled by the Analyst 5.1 software. Zero grade air served as the nebulizer gas (30 psi) and turbo gas for solvent drying (400 ºC, 40 psi). Nitrogen served as the curtain (20 psi) and collision gas (medium). The quadrupols were set at unit resolution.
The ion spray voltage was set at -4500 V in the negative mode. The MS detector was programmed to perform a series of two consecutive modes: enhanced MS (EMS) and enhanced product ion (EPI) analysis. EMS was employed to record full scan spectra to obtain an overview of all of the ions in sample. Settings used were: declustering potential (DP) -450 V, entrance potential (EP) -6 V, collision energy (CE) -10 V.
Spectra were recorded in negative ion mode between m/z 100 and 1500. Analysis in EPI mode was further performed in order to obtain the fragmentation pattern of the parent ion(s) detected in the previous experiment using the following parameters: DP -50 V, EP -6 V, CE -25 V, and collision energy spread (CES) 0 V. were expressed in mg/g of extract.
Analysis of anthocyanins
Each sample (≈0.5 g) was extracted with 20 mL of methanol containing 0.5% trifluoroacetic acid (TFA), and filtered through a Whatman nº 4 paper. The residue was then re-extracted with additional 20 mL portions of 0.5% TFA in methanol. The combined extracts were evaporated at 35 ºC to remove the methanol, and re-dissolved in water. For purification, the extract solution was deposited onto a C-18 SepPak® Vac 3 cc cartridge (Phenomenex, Torrance, CA, USA), previously activated with methanol followed by water; sugars and more polar substances were removed by passing through 10 mL of water, and anthocyanin pigments were further eluted with 5 mL of methanol/water (80:20, v/v) and from 30 to 35% for 5 min, at a flow rate of 0.5 mL/min. Double detection was carried out by DAD, using 520 nm as the preferred wavelength, and MS using the same equipment described above. Zero grade air served as the nebulizer gas (40 psi) and turbo gas (600 ºC) for solvent drying (50 psi). Nitrogen served as the curtain (100 psi) and collision gas (high). Both quadrupols were set at unit resolution. The ion spray voltage was set at 5000 V in the positive ion mode. EMS and ESI methods were used for acquisition of full scan spectra and fragmentation patterns of the precursor ions, respectively. Setting parameters used for EMS mode were: declustering potential (DP) 41 V, entrance potential (EP) 7.5 V, collision energy (CE) 10 V, and parameters for EPI mode were: DP 41 V, EP 7.5 V, CE 10 V, and collision energy spread ( Quantification was performed based on DAD results from the areas of the peaks recorded at 520 nm, and results were expressed in µg/g of extract.
Evaluation of antioxidant activity
The methanol/water extract described above (section 2.3.1) was used in the antioxidant activity assays. Successive dilutions were prepared from a stock solution of 20 mg/mL and submitted to in vitro antioxidant activity assays. The sample concentrations (mg/mL) providing 50% of antioxidant activity or 0.5 of absorbance (EC 50 ) were calculated from the graphs of antioxidant activity percentages (DPPH and β-carotene/linoleate assays) or absorbance at 690 nm (Prussian blue assay), respectively.
Trolox was used as a positive control.
DPPH radical-scavenging activity
The reaction mixture consisted of different concentrations (30 µL) of the extract solutions and methanolic solution (270 µL) containing DPPH radicals (6×10 -5 mol/L) in different wells of a 96 well microplate. The mixture was left to stand in the dark for 30 min, and the absorbance was measured at 515 nm (microplate reader mentioned above).
The radical scavenging activity (RSA) was calculated as the percentage of DPPH discoloration: %RSA=[(A DPPH -A S )/A DPPH ]×100, where A S is the absorbance of the solution containing the sample, and A DPPH is the absorbance of the DPPH solution.
Reducing power
Two different procedures were used to evaluate the reducing power: A) The first methodology followed the Prussian blue assay and was performed using a Microplate
Reader ELX800 Microplate Reader (Bio-Tek Instruments, Inc., Winooski, VT, USA).
The different concentrations of the extracts (0.5 mL) were mixed with sodium phosphate buffer (200 mmol L -1 , pH 6.6, 0.5 mL) and potassium ferricyanide (1% w/v, 0.5 mL). For each concentration, the mixture was incubated at 50 ºC for 20 min, and trichloroacetic acid (10% w/v, 0.5 mL) was added. The mixture (0.8 mL) was poured in the 48-wells, as also deionized water (0.8 mL) and ferric chloride (0.1% w/v, 0.16 mL), and the absorbance was measured at 690 nm. B) The second methodology followed the Folin-Ciocalteu assay. The extract solution (1 mL) was mixed with Folin-Ciocalteu reagent (5 mL, previously diluted with water 1:10, v/v) and sodium carbonate (75 g/L, 4 mL). The tubes were vortex mixed for 15 s and allowed to stand for 30 min at 40 ºC for color development. The absorbance was then measured at 765 nm. Gallic acid was used to calculate the standard curve and the results were expressed as mg of gallic acid equivalents (GAE) per g of extract.
Inhibition of β-carotene bleaching or β-carotene/linoleate assay
A solution of β-carotene was prepared by dissolving β-carotene (2 mg) in chloroform (10 mL). Two millilitres of this solution were pipetted into a round-bottom flask. The chloroform was removed at 40 °C under vacuum and linoleic acid (40 mg), Tween 80 emulsifier (400 mg), and distilled water (100 mL) were added to the flask with vigorous shaking. Aliquots (4.8 mL) of this emulsion were transferred into test tubes containing fraction/extract solutions with different concentrations (0.2 mL). The tubes were shaken and incubated at 50°C in a water bath. As soon as the emulsion was added to each tube, the zero time absorbance was measured at 470 nm (Analytik 200-2004 spectrophotometer, Jena, Germany). β-Carotene bleaching inhibition was calculated using the following equation: (absorbance after 2 h of assay/initial absorbance)×100.
Statistical analysis
Three independent extractions were performed, and each of these replicates was assayed three times. An analysis of variance (ANOVA) with type III sums of squares was performed using the GLM (General Linear Model) procedure of the SPSS software. The fulfilment of the one-way ANOVA requirements, specifically the normal distribution of the residuals and the homogeneity of variance, was tested by means of the ShapiroWilk's, and the Levene's tests, respectively. The dependent variables were analyzed using 2-way ANOVA, with the factors "irradiation dose" (ID) and "irradiation technology" (IT). When a statistically significant interaction (ID×IT) was detected, the two factors were simultaneously evaluated by the estimated marginal mean plots for all levels of each single factor. Alternatively, if no statistical significant interaction was verified, means were compared using multiple comparison tests adequate for homoscedastic or heteroscedastic distributions. Results regarding the comparison of electron-beam and gamma irradiation were classified using a simple t-test, since there were less than three groups.
In order to obtain a comprehensive interpretation of the results, linear discriminant analysis (LDA) was used to compare the effect of IT and ID on antioxidant activity and phenolic compounds. A stepwise technique, using the Wilks' λ method with the usual probabilities of F (3.84 to enter and 2.71 to remove), was applied for variable selection.
This procedure uses a combination of forward selection and backward elimination processes, in which the inclusion of a new variable come after ensuring that all variables previously selected remain significant. With this approach, it is possible to identify the significant variables obtained for each factor. To verify the significance of canonical discriminant functions, the Wilks' λ test was applied. A leaving-one-out crossvalidation procedure was carried out to assess the model performance.
Results and Discussion
Individual phenolic compounds
As previously stated, the bioactivity of edible flowers is highly related with the composition in phenolic compounds (Vukics et al. 2008a,b; Piana et al., 2013) .
Accordingly, the phenolic profile of Viola tricolor was characterized by HPLC-DAD-ESI/MS analysis. Data of the retention time, λ max , deprotonated molecule, main fragment ions in MS 2 and tentative identification of the compounds are presented in Table 1 . As an example, the HPLC phenolic profile of the control sample (nonirradiated), recorded at 370 nm, is presented in Figure 1A and B.
UV and mass spectra indicated that the phenolic composition of the The presence of flavonoid glycosides was previously reported in German (Hörhammer, Wagner, Rosprim, Mabry, & Rösler, 1965; Wagner, Rosprim, & Düll, 1972) , Hungarian (Vukics et al., 2008a,b) and Brazilian (Gonçalves, Friedrich, Boligon, Piana, Beck, & Athayde, 2012) samples of Viola tricolor.
The flavonol glycosides (compounds 1-5 and 7-10) show UV spectra typical of flavonol-3-O-glycosyl derivatives (Mabry, Markham, & Thomas, 1970) (Table 1) (agl+113) and 353 (agl+83) that are characteristic of C-glycosylated flavones (Cuyckens & Claeys, 2004; Ferreres, Silva, Andrade, Seabra, & Ferreira, 2003) . These features are in agreement with the structure of violanthin (apigenin-6-C-glucosyl-8-Crhamnoside), a compound firstly identified in V. tricolor by Höhrammer et al. (1965) and that has been consistently reported in this (Wagner et al., 1972; Vukics et al., 2008a,b) and in other Viola species (Carnat, Carnat, Fraisse, & Lamaison, 1998; Flamini, 2007) . by Giusti, Rodrıguez-Saona, Griffin, & Wrolstad (1999) for anthocyanin C3-rutinosides, according to which the linkage 1-6 between rhamnose and glucose (i.e., rutinose) is more suited to fragmentation than the linkage 1-2 (i.e., neohesperidose).
Therefore, the compounds were tentatively identified as cyanidin 3-O-rutinoside (11) and delphinidin 3-O-rutinoside (12). Therefore, compounds 13 and 14 were tentatively identified as the compounds mentioned above.
Molecular ions of compounds
Effects of gamma and electron-beam irradiation on phenolic compounds and antioxidant activity
Besides characterizing the phenolic profile of V. tricolor, it was also intended to evaluate how this profile would be affected by gamma or electron-beam irradiations.
Accordingly, values presented in contribution for the observed variance, was evaluated. As it can be concluded from Table 2 , the interaction among factors was statistically significant (p < 0.030) in all the cases, not allowing classifying each of them individually. Nevertheless, the effect of each factor was also significant in most cases, except for ID in compounds 9 (p = 0.587), 12 (p = 0.099) and 13 (p = 0.198) and for IT in compound 8 (p = 0.398). As depicted from the estimated marginal means (data not shown) produced in the GLM, all phenolic compounds (except compound 8, which did not reveal significant differences)
were detected in higher amounts in gamma-irradiated samples, independently of the used dose. This occurrence might be due to differences in the atmosphere composition inside the polyethylene bags where samples were kept, especially due to alterations in the molecular oxygen availability induced by the ionizing effect of gamma-irradiation.
Regarding the effect of ID, the 1 kGy dose seemed to be advantageous (independently of the source) to obtain higher amounts of phenolic compounds. In fact, eight (2, 3, 5-8, 11 and 14) out of the eleven compounds with statistical differences were quantified in higher amounts for this dose. Only compounds 6, 10 and 14 were present in higher values in the non-irradiated samples.
Quercetin-3-O-(6-O-rhamnosylglucoside)-7-O-rhamnoside (compound 2) was the most abundant compound in all the samples, representing more than 40% of the totality of phenolic compounds. In fact, the second (compound 8) and third (compound 4) most abundant compounds were also quercetin derivatives, indicating that V. tricolor might be considered a source of these phenolic compounds (Havsteen, 2002) .
Among anthocyanins, delphinidin-3-(4''-p-coumaroyl)-rutinoside-5-glucoside was the one detected in the highest quantity, followed by the cyanidin derivative with the same glycosylation pattern. In view of the different phenotypes included in the sampling, a more complex anthocyanins profile could have been expected, but the results seem to indicate that V. tricolor is characterized by a restrict number of these compounds, independently of the phenotype.
As it could have been anticipated from the differences in phenolic compounds quantity observed among the assayed ID or IT, the antioxidant activity was higher in the irradiated samples (Table 3 ). Samples irradiated with 1 kGy (independently of IT)
showed the highest capacity to scavenge DPPH and to inhibit β-carotene bleaching, while the strongest reducing power was observed in samples irradiated with 0.8 kGy (Folin-Ciocalteau assay) and 0.5 kGy (Prussian blue assay). Concerning the effect of IT, only β-carotene bleaching inhibition was significantly different for gamma and electronbeam irradiated samples, while the interaction among factors was again significant in all the cases.
Linear discriminant analysis
Until this point, the effect of each factor (ID and IT) was evaluated by analyzing individual changes in each phenolic compound or antioxidant activity assay.
Nevertheless, it is useful to perform a comprehensive study of the effect of each factor in all the studied parameters simultaneously. Accordingly, two linear discriminant analyses (LDA) (one for each factor) were performed to evaluate the global effects on the antioxidant activity and phenolic compounds profile. The significant independent variables (EC 50 values for antioxidant activity assays and phenolic compounds content)
were selected using the stepwise method of the LDA, according to the Wilks' λ test. All the variables were included in each analysis, but only variables with a statistically significant classification performance (p < 0.05) were selected by the software.
Considering the ID effect, 3 significant functions were defined (Figure 2A) , which included 100.0% of the observed variance (first, 70.8%; second, 26.8%; third, 2.4%).
As it can be observed, the markers corresponding to the tested groups (0.0 kGy, 0.5 kGy, 0.8 kGy and 1 kGy) were distributed separately. The antioxidant activity among these samples was not strongly affected, since DPPH scavenging activity, β-carotene bleaching inhibition and reducing power (Folin-Ciocalteau assay) were not included by the model. Likewise, compounds 5, 9, 10, 12 and 13 were also removed by the software.
Function 1 (Figure 2A ) separated only markers corresponding to 0.8 kGy, indicating that compounds 1 (higher), 7, 8, 11 and 14, which presented the highest correlations with function 1 (Table 4) , underwent the highest changes when submitted to this ID.
Function 2 was effective enough to separate non-irradiated samples from those irradiated with 0.5 kGy and 1 kGy, mainly to the differences observed for compounds 2 and 14. The separation of these samples was improved with function 3, especially due to the contribution of compounds 2, 7 and 14. In terms of classification performance, all the samples were correctly classified, either for original grouped cases, as well as for cross-validated grouped cases.
In the analysis done to evaluate the effect of IT, the discriminant model selected 2 significant functions ( Figure 2B) , which also included 100.0% of the observed variance (function 1: 96.4%, function 2: 3.6%). The tested groups (non-irradiated, electron-beam and Co-60) were completely individualized, based on the selected variables: compounds 2, 4, 6, 11 and 13 and both reducing power assays. Function 1 separated mainly samples irradiated with gamma-irradiation from those submitted to electron-beam irradiation, particularly ( Table 2 ) as a result from differences observed among compounds 10 and 13 and also in the reducing power (Prussian blue assay). Function 2 was useful to separate non-irradiated samples ( Figure 2B) , with compound 2 as the most effective variable. The classification performance was also completely correct for original grouped cases and for cross-validated grouped cases.
Conclusion
In general, gamma-irradiated samples gave higher amounts of phenolic compounds (except compound 8, which did not reveal significant differences), independently of the applied dose. Moreover, these compounds were favored by 1 kGy dose, either using Co-60 or electron-beam. The three most abundant compounds (compounds 2, 4 and 8) were quercetin glycosides, which showed significant variation within different doses or technologies.
The antioxidant activity was also higher in the irradiated samples, especially those treated with 1 kGy (independently of IT), which showed the highest capacity to scavenge DPPH and to inhibit β-carotene bleaching. On the other hand, the IT had no significant effects on the antioxidant activity, except for β-carotene bleaching inhibition (higher in gamma-irradiated samples).
The LDA outcomes indicated that differences among phenolic compounds or antioxidant activity effectively discriminate the assayed doses and technologies, showing also which variables contributed mostly to that discrimination. This information might be useful to define which dose and/or technology optimizes the content in a specific phenolic compound.
Overall, irradiation did not negatively affect the levels of phenolic compounds and antioxidant activity, offering the possibility of its application to expand the shelf life of V. tricolor and highlighting new commercial solutions for this functional food. 
